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im$& i ] 

(S i Hs) sN, (S i H 3 ) 2 0&£ZfS i s Hs^fc J: \) MIRZ tiZ^te < £ 

-«:S:MX»-C«$tL*^««r|g# MliHf, Zr, Ti, TaiS^Nb 

*&fc&#*$«#$ft*/I>:3:< fcfe nli4^;li5, XlifflSKC 1 N 

0 2 , Os. NO, N0 a *J:rrN2 0^?)**»J: ^a^$fL«^j&< 4 
* C V D * > / < - X L T*«t*H ^KB £ -2, £ £ * #m 1 1" S 5/ V 3 > * * 
2 ] 

(S i Hs) sN, (S i H 3 ) 2 0^5«£U f S i sHs J: (?ji3R£tL&/>& < *> 

1 flcO-> V a ^31^ 

— UbS;MXnT?3feS*L&^«ffrJE# (ii?, MliHf, Zr, Ti, Ta^iCFNb 
Me 2 . NMeEt, NEt 2 , NOs, OtBu, mmp, N t B u *5 <£ CTN t Am* <b 
0 2 , 0 3 , NO, NO 2 *J:0 f N2O*»t>4:*»J: l3«i$*LS4>J3: < £$> li©»J 

m&m 3 1 

»**3 00-700 O, j±*£0. 1-1 0 0 OTo r r, ~> V a ft-ff^J £ <D 

ttm* i : i~i : iooo, &mi6t&fcb -> y a >M£<D}tmz ioo-1-i-io 
4 ] 

(S i Hs) sNt, 

-«MXnT^§tL^^ffrlE# (ii-e, MfiTi, Ta, Nb, Mo*im 
1, Br, NMe 2 , NMeEt, N E 1 2 , NtBufiiCNtAmHiiffiDIS! 

im^m 5 ] 

Isff^^ 6 ] 

i&&£3 00-700 °C, ffi^J^lmTorr-lOOOTorr, ^JR^^t (S 
7 ] 

-«MXn^$tL4^ffr|g#: MfiHf, Zr, Ti, Ta^WNb 

*&as#J: 0a^$^*^4r< £ 6 im<D&m, nl±4Sfcf±5, Xl^iCCl N 
Me 2 , NMeEt, NEt 2 , NOs, OtBu, mmp, N t BufeirfN t Am*6 

(S i Hs) sN, (S i Hs) zO&XXFS isHsfrbte&mZ *) MjRZtiZ&ib < £ £ 
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H 2 0, 0 2 ^ Os, NO. N0 2 *3 i^O^^^^ffJ; <93!^£tL£^& < t $> If 
[fjt« 8 ] 

-^MXa^§*L«^I|fi# MiiTi, Ta, Nb, M o * «t tFW* 

«?3iR3*La4>fc< fcfc lttO&JR, n i± 4 , 5ttzit6, XttSllfiKF, C 
U Br, NM e 2 , NMeEt, NEt 2 , N t B u *J «t IFN t Am* 6 ft * W £ *) MM 

(S i H 3 ) sNt, 
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[»»] 
[0001] 

[0002] 

* (mosfet) <vx*-v >yi,zmMLxi£mh>*v yyKxzr- hv-?mm 

frizZ%MmK%vX%jz 0 £0£i£>, S i 0 2 ^- h«fI10J?${±^l nmi lp 

liltLTi^il^ (high-k) <7)ffMv>^tH^^iiTV^ 0 
[0 0 0 3] 

£*Li:-c N iismmm (h i g h-k) tftar, ^t^iv^^A^-^ k« 

Kl^l^yyny^it iftfl^ffewh i gh-k|6Il/i»M 
[0 0 0 4] 

->7>S i (NRiR 2 ) 4 ^fcCVD (chemical vapor deposition) K «t 

o«?tLTV^ (7tt£if##ft»l, ##^K2, #fP^l#BS) o -mi 

f (NMeEt) 4 dtUiiSi (NMeEt)4*a*^t ZLtih^t t Ltv^ 
cLii:«^ N £ f z ( ± £ tL fc L lit K # - <9 jj^x ^fA L T 

[0 0 0 5] 

Ltf>U ±MLfz^(D^mxit, yV3>jgT^Sy7WT^yr/Si (N 
R1R2) 4^^IH^^tI^|;#i(otl#lAU h i gh-k««l«il# 

[0 0 0 6] 

m^mm^tmm^^m-mm^L, l&*> i ow-kWKuiaot^^ii 

[0 0 0 7] 

<£r«7^ Kl± % 7ti:;ltf&JK^7>f K (T i C T a C 1 5 & if) 

*y h (thermal budget) ^i^yn^SS (> 6 5 0 °C) &gU BEOL (back-e 
nd-of-line) zfu-txtm&L%^ 0 Zfz, i©Mti±NH4C ltBW^iV^ 
■5 P9S**2fe Z> o 
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[0 0 0 8] 

h7-f Kti, ftgEfi&£J±7$ y#J|pflE#: (TDMAT, TDEA 
T, TBTDET, T A I MA T A * if) fc T >*-T *ffiV>3t C V D «fc (9 £££ 

Sfc. ^tif_fCVD-T i NMI^±nit^^T^-S 0 

TtTV^o L^U S i H4 WtaStJEE**?* < nSmi±X&&fzsb^ S i H 4 <D V - * J: o 

W7Uv7>S i (NR1R2) 4«rJBv*Sfc, It^^lO^f ^ALt^'V T 

[##St^CSU] Jpn. J. Appl. Phys., Vol. 42, No. 6A, pp. L578-L580, June 20 
03. 

2 ] Applied Physics Letters, Vol. 80, No. 13, pp. 2362-2364 Apr 

il 2002. 

[#fF»l] *a#^<2rlS<&^2003/0111678 Al 
2 ] *®#It^6, 602, 783-^-HJIffl* 

[0 0 0 9] 

g h - k mmm t l x m v > * £ t a* - c § a &m v a > * * -9- ^ f * tz \ a & m ^ v a ^ * 

[0 0 10] 

[KM fcfco^g:] 
[0011] 

»©»l^if|};#^^Iyy3>t^rt^ KC«ii*fttt, (S i H 3 ) sN 
> (S i Hs) jOii^S isHs^ft&^J: !? jffiK$*LS4>fc < t ltoyyavjg 
t> -^MX n -eS$tL^,^Mtfr.lEfr MliHf, Z r , Ti, TaiSitfN 

b J: »JS^§tLS^*< fc 6 im<D&m> ntt4J^li5, XliiiCC U 

NMe 2 , NMeEt, NEt 2 , NOs, OtBu, mmp, N t B u * <fc t Am* 
?)^^J:f)Il!$ti^<Hlt) O2, O3, NO, N0 2 &J:^N 2 0^£>& 

&f£i *>m8l2ti&&%:< t 4 ltt^a-ffcjWtTfc (H2O) tCVDf^^t 

TMltI$ $t^i^#f>tl, 0 Meii^fJK Etttxf;K mmp 

(il-^f^y-l-^^7°n,t^yf\ tBulit-W, tAmlit-75;K* 

-5 o 

[0012] 

Hs) sN, (S i H 3 ) iO&XVS i sHb J: < t 4 1 

Va^Wfc, -«^MXnT?SES*LS^JR«r«[#: MliHf, Zr, Ti, Ta 

KC K NM e 2 s NMeEt, NEt 2 , NOs, OtBu, mmp, NtBu^^N 
t Am*644»J: *) < t & it) fc, 0 2 , Os, NO, N02*iO f N 2 

o * <b * s » j: 19 shrs *ia < & 1 sotfi^i t „ § e, k&s-c* tuf t > ^ ~ r 

, il75y, *2T5 >*J:0f*3T5 >*&4&#J: lja^$^ < 64>%< ltt© 
[0013] 
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(S 1H3) iNt, -^MX„^$tL^^JlttrIE# (££T% MliTi, Ta, Nb 
Xli»ll:F, .CK Br, NMe 2 , NMeEt, NEti, N t B u « X ZTN t Ami 

[0 0 14] 

KcoM^Ji, ~ti&MXn"?&Ztl&&mift9m (ii-C\ MM f Z r 
Ti, Tai^ffNb^f-^ffi l?a^$*L*^&< & ltto^Jl, nti44fct±5 
. XliSfcfcfcC 1 , NMe 2 , NMe E t , NE t 2, NOs, OtBu, mmp, N t B 
iVN t Am^feftiSJ: >»a«;$^^& < i 4 1*) fc, (SiH 3 ) 3 N (S 
1 H 3 ) 2 0^3J:y f S isH8*»?>firS»J: f?a^$tLS^4 < t i> inoisV h 
2O, O2, 0 3 , NO, N 02*5.1:0^2 0^ *)M$iZtLZ>&% < t i> lM 

[0015] 

— ^MXn -cmzftz&mmmfe (i^-e, mi^ti, Ta, Nb, m 0 ^j;to^ 

a**J:9«R*iL*^ft<fciia©^ ni±4, 5Sfcli6, XttftiKF, CI 
, Br, NM e 2 , NM e E t , N E 1 2 , N t B i^N t Am^^&iiJ: 
*L&3>&< Hit) (S i Hs) 3 Nt, >&W£\zj&Kx, T >^E — T, » 1 T 5 > 

H2 J ^ ^^^375 ^^fefta^J: tLS^ft < t £ 

[0 0 16] 

' J;V7r/ [T S A] (S iHs) sN, V*,u*V> (S i Hs) 2 Oifclify*/?>S 
isHsfi, f *OMt'Mv> ^ tit v^: i^r ;v 7 ^ 7 y 7 > i 1^ Rfft 7 V - 

>"j3yt + yt^f7^ K4> eojSH&lSAi ^fiif 5&»*C § , & 
h i gh-k««I«:||4it#-el*o Sfc, f>Jy'j;V7r/ (S iHs) 3 N, vv 
^5?^ (S 1 H3) 20t7t{± ^'^>7>S i 3 H 8 {4, »5Ht*»*lj?!r^fcLr#ifcft 
fet ' 14 ^ LPCVD©E***flih i gh-kiWo^l/s iJfe*W»f 

[0 0 17] 

**W®*3 f fct4*5 0Hife^ffit«* y'J 3^ K-^$tL^JK^>f f5^f K (C 
vV;VT^> [TSA] (SiHs) sN(i, #3f7 V -MI^>Oy ij 3 ^fr&OT? 
#tt^t^^j7imi^Ti^ 0 Ztz, MJy'j;V7r/ (SiHs) sNfi 
, h'jy'J;V75> (S iH 3 ) sNii, ^> 9 > J: «9 & a&CJBEj&**fc «9 ffiv* (tv^J±*M) 

[0 0 18] 
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[0 0 19] 

*&m<Dmi <ommmmit, h i gh-k«it Lxm^hti^±m^v=r^^^ 

1 FMS 1 OCOCVD (chemical vapor deposition) ftfc J: ^»Mjt^feT-^^> 0 £05-* 

MX n + h 5 > (TS A) + 0 2 + H 2 0— MS i 0 o 

[0 0 2 0] 

tltl#atlt -KMX, (n(±4Jf;(i5*(DT% MX 4 £fc{iMX 5 ) 
3*i**>Ori*JB^f>*La 0 MiiHf , Zr, Ti, Ta, N b ft $ T*(± 

fcv> 0 MtUli!|i:Hf«aK XttMtC K NMe 2 , NMeE t, NE t 2 
> NOs, OtB Ul mmp, N t B u> N t Am& & O |5g h -C{i&v*„ 
[0 0 2 1 ] 

'>V3>»tLm (SiHs) 3 N, (SiH 3 ) 2 0, Si3Hg4m45i»fOR 
»>-CJi£\/*o y'j3>|t LTii, #K (S i Hs) sNl-&;bt> h V y'J > (TS 

A) LV^ 0 

[0 0 2 2 ] 

mmtLXit, 0 2 , 03, NO, N0 2 , N2O (H 2 0) £«JL*:&0#* 
[0 0 2 3] 

i^e>©£lic?^SrRII^tCVD^-v Wn'-^A L xmmmMXKJfo $ £ £ i «fc 
[0 0 2 4] 

^^Tii£lT«J:^^ftl!-CVD»^o i«iE£li3 0 0 - 7 0 0°CK& 
7ET&Z.t#j&2L\*o ftyA-(7)Mtt0. 1-1 0 0 OTo r r fcKjg?-* CI £ 
SEP* U^o vVn^tm^iJiojtWi : 1-1 : 1 0 0 oci^f^aWH 
< , 1:10-1 : ioo#i5jfiu» 0 ^«mrffi#t ~> y 3 >a* <Ditm$ 100 ■ 
i~i : 1 oor^t^twtu, 1 : i~i : 1 0*** toff* 

[0 0 2 5] 

MB^i2©Mi[i, h i gh-kI,fitLTfflV^^^Iy.j 3 >t^y 

tOy^KMSiONWCVD (chemical vapor deposition) mz £ 2> $, 
[0 0 2 6] 

MXn+ h y->y;VT^ > (TS A) +0 2 ( + NH 3 ) -MS i ONo 
[0 0 2 7] 

&mmmt ^io^»i^cwiiiLTm^L^^o^fflv^^^ 0 

[0 0 2 8 ] 

^2co^«^-e(i N ^v=t>m^-ommmtLx, (s iH 3 ) 3 n, (s ih 3 ) 2 o 

, S uHsft^ ftizffrt L< 12 (Si H 3 ) sNf^^^ h V vV;^T5 > (TS A) ^ 
[0 0 2 9] 

BMfcjfflfcLTtt, 0 2 , 0 3 , NO, N0 2 , N 2 0& WfflV>P>*l£^\ iiof 

tm%*), 7k (H20) *^inL*^ 0 " ~ 

[0 0 3 0] 

i^RtliStT^V^tt&ffl^fcjWfc Lfli, T^^E-T, I17T/, $275> fg3 
[0 0 3 1 ] 

STefc, il^M^^i^^t|^t©^cVD^*>W 0 
[0 0 3 2] 

*5&w«*3©^jji3gsiii, cuki • mmt 1 o w- ktimmtomw) rmtL 

tBIE#2 005-3001981 
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TMv^^>.j 3 >F-^ti/;ilt^ KM (S i) NCCVDttCiSjR* 

^rsfeT*a 0 tonsil, fttswttt, mTo^js^:tc^< 0 

MX n + h V y'j;V7^TSA ( + NH3) -M (Si) No 
[0 0 3 3 ] 

^iWtLTIi, -«MX„ (nf44, 5^1164©-?, MX 4 , MX 5 £^i4 
MX 6 ) X-m-£tl&i><D-Z>m^btl&o MiiTi, Ta, Nb, Mo, W& 
ORf3T?{44v>o Xti^KF. CK Br, NM e 2 , NMeEt, N E 1 2 , NtBu 
> N t Am4 (Dm.*) Xl±%^ 0 

[0 0 3 4] 

i»Oyy 3 >fIHtli, h'J5/V*7^[TSA] (SiH,),N^ 
[0 0 3 5] 

*MttfHlfcLT\ T>*-7, 117^, f2T5>, *3 7r/4if^T 

h 4 V^ 0 

[0 0 3 6] 

i ft h (DKmirx * mm t~ c v d * * l tm*® tk^ 3 c t k * 

[0 0 3 7] 

i <^^TIi£lT© i U^ft-e C V D WfctLS a &RmZK 3 0 0 -7 0 0V1.Z& 
KtiCfc^iU^c fr/^©MlilmTo rr-lOOOTor r ^iS^i"^ 

-r£W£Lv> 0 ^*«re#tS*»^o->y 3^«-eab* (s i H 3 ) sNtoitmti 
oo i : i~i : i ooTOt^iWK, 1 : i~i : i o^offius 

[ 0 0 3 8] 

W ' KMS i Oifcl4*«v;3>tW-f KM S i ONOALD (atomic layer 

deposition) & K J: **jft56rte*C** 0 
[0 0 3 9] 

h fL^mm t Ltli, * 1 S «:* 2 L7t & ® **JB v> tL* o 

[0 0 4 0] 

[0 0 4 1 ] 
[0 0 4 2] 

t«T«liJJlTO^ TALD^fc^o i«figli3 0 0- 6 OOtCR 

m-f&Ztmit Lv> 0 f-t^-o^EliO. 0 1 ~ 1 0 0 T o r r KKgt*£t** 

[0 0 4 3] 

***^*5 0**^JRii, CugS« • ISt 1 o w-kiiIi©HoAij 7 )st L 
Tj^fetLiS/ya^K^^^jftn^^ h ^ KM (Si) N ©ALDifcK:J:l«i£ 

[0 0 4 4] 
[0 0 4 5] 
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L-tib<DKBJrx*, *tirtimM<omm, ■fctx.tt&mmmfc, tsa^ al 

[0 0 4 6] 

i^T1^TOJ:9W-eALDTO^ 0 *««l*3 0 0 -7 0 OVKB: 
jn^WILK ^^t-o^J±fA0. 0 1-1 0 OTo r rKRStiit** 
£?4LV> 0 ^IulE#:, TSA, Sf^J^ A L D ^ >^-^<7)2»AB#^ (/^.X) (A 

[0 0 4 7] 

mr, bis- #m l & ifl h *§&m<DnMw z um-r & Q 

[0 0 4 8] 

(mmm 1 ) 

[0 0 4 9] 

hi ^ntkMiz&^xm^tzcvDmmzTFiTa muz&^x^ mm^t-r^m*. 

jaoi^ISiii, CVDft>A-i lttWntloTjttSW. 
f?2 1 P3^{±^StJlg#:t LTf h 9 ^r^-^^^-^T ^ 7^7-^ AH f (NE t 2) 4 5&* 
JR#£tiTV^ 0 Hf (NE 1 2) i^t'JT^hUHe^22^V^Mo ifc 
###12 1 fi^H f (NEt2) 4liHe^2 2 <D]±ti K X o T$[#yv* y n - 3 > h n 

2 4 ZMLXM^2 5^Mhti& 0 mm^2 5«L/;H f (N E t 2) 4 iiHe fci 
U:CVDft>A-i 1^»^ 0 j^h;V3 1 rtKfi h 'J v 1; ;vr * y (TSA) 
^W$tLTV^ 0 TSAI±vX7D-nnn-7 3 2 *lUCVDft>/^l 1 

SAhHCCVDft^-l 1^«£^£ 0 m^ijT^^,0 2 ^4 lli7^7n 
^ nn ~ 74 2 *fiUCVDft>A- l 1^«£^£ 0 ;©CVD^l^fflV^ 

[0 0 5 0] 

1 - 1 ] 

HEltJ^O. 3 5To r r, ?UJt= 5 0 0°C, H f (NE t 2) 4*M=0. 5 s c c m, 
H e ll= 1 8 0 s c cm, TSA1I=4 seem, 0 2 v«= 4 0 s c c m, N 2 ^» 
— 2 5 s c c m 0 
[0 0 5 1 ] 

-©iftTli^Mik^Hf /S i = 5 : 1, 0/N=3 I 1^^7^vAy'j3 
>* + yt0 7'fW13 5A/m i n <D®.WkMB.X%h fif Zo 
[0 0 5 2] 
1 - 2 ] 

E*=0. 3 5To r r, 4 0 0 t\ H f (NE t 2) 4**=0. 5 s c c m, 

H e ks= UOsccm, T S A»f5fi= 4 s c c m, 0 2 flEfi = 4 0 s c c m, N 2 »ftfi 
= 2 5 s c cm 0 1"^^*>, Sg* 4 0 0 'CfcTtffca*, 1 - 1 <h|WlC^ 

[0 0 5 3] 

cio^#-efi, HjSMf/s i =6. 6:1, o/N=4 : i^^A7^^ y 

b7^f k^7 2 A/mi no&mmmxnhtitzo 

[0 0 5 4] 

1 - 3 ] 
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J±J=1. OTo r r, SJt= 3 0 0 °C, Hf (N E t 2 ) *«*=0. 5 s c c m, H 
efe=180sccm, TSA»f=4s c cm, 0 2 li=l 0 0 s c cm, N 2 ^fi 
— 5 0 0 s c c m Q 
[0 0 5 5] 

£0*ft-C»4, S i ^ftR***-?* tK 0/N=l 3 I l^A7^A^y 
[0 0 5 6] 

(mm 2 ) 

[0 0 5 7] 

82W«k«^v»TjS^CVD»l^to ®2<7>CVD§IMfA, EIlOCVD 
«tt5«RI«tft#*S:*i-*^ 0 2 #\X4 2Oiet=<^.4MCH 2 0£J|X^Lf~^5- 
4 3 fcjfttf, SMtfcU: LTOai: k t>iZH 2 0&C VDftW^ 1 1 KZ> X n \r 

[0 0 5 8 ] 

2 - 1 ] 

^2=0. 5To r r, «*=4 0 0t, Hf (NE t 2 ) 4«*=0. 5 s c c m, H 
e HOsccm, T S A«fE4= 4 s c c m, 0 2 ^fi= 4 0 s c c m, H 2 Olf 

- 1 • 2 s c c hk N 2 1I= 2 0 s c c m 0 
[0 0 5 9 ] 

£©*#TI±, MMHf/S i =3. 5 : 1^^7^7Ay>jn>tW K 
(Clitffli#*i) ^13 5A/mi n©li»1#f,^ 0 
[0 0 6 0] 
3 ) 

[ 0 0 6 1 ] 

2£ V £^ * ll^>'J377x-;M ^ a £ *L, y'j377x-;M M 

7 5 ira^fi^s^fg^t Lxmrntf-fyT i c u^jRt?^^ t i c wo as 

^CVDftWt-l l^mSZti&o ^>;i/3 lfil:iih';V'J^75> (TSA)" 
5&*JR«$tLTV>* 0 TSAIiN 2 ^fctit:v77n-3>fn-7 3 2 ^IUC V 

*^ CVDfir^-llH^liitSl3 

[0 0 6 2 ] 

3 - 1 ] 

ffi# = 1 T o r r , = 6 2 5 °C, T i C 1 4 *li = 5 s c c m, T S AMM= 4 s 
c cm, N 2 »fti=2 0 s c cm, B#|f = 1 5^«o 
[0 0 6 3] 

✓ f7^f KT*ofe e dojgS©j?$«jKj4 0 OOAt^f), MilSttil^ 7 0A/ 
m i n f3>> o tz 0 

[0 0 6 4] 

[*# 3 - 2 ] 

^JPl 1 T ° r r ^ ^= 5 5 0^ (£©JfcKMM\ T i C l4/NH 3 *flJV>*«£* 

, TiCUM=5sccm, T S a¥» = 4 s c 
cm, N 2 »fti=2 0 s c cm, 1^1=1 5^o 
[0 0 6 5] 
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>^ W-f KT?*ofc 0 Z<DM<DmZli®)2 9 0 At?*IJ, ttitgm&Jl 9A/mi 
[0 0 6 6] 

[m i ] *3&EHo*Ji« i iz&^xm^fzc vD^ic?iiio 
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